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^^^s. ^ ufl^-g- ^ 5&fe ^ 7fl °l#-3 $*fl^#-g- wfl 0 ^^; ^ #7l Ml 
A <3#-8- afl^^H 3*H -fi~8-#l-^ ^ &fe Ml ^ «fl 0 <f^# *r 9X 

fe 7fl °1#3 -f}-8-## ^#-8- nfl^^s. ^i-f-oi^i #0.3., #71 5*U##-8- Bfl^^^ 

-fr-g-## ^S#-§- tifl^<^^ o. ^^O.S. o)^o]^ ^-5l#^l« °l-g-*H ^Sl5lZL, -°r-g-#^^ 
-B-^>7H1 $**| $o] -B-g-## T-fl^^-i: 4s #7] <g«-|-S- * 

^Hs- ^oji^i xfla^ a|^-6{| 3^ -^jl MI^#-8- afl^^H s^s.^- 

^^1^ 3^ ^-°-3 *>^r ^#^-§-71 ^ Ol» Oj-g-^ Bfl^^^l ^ 

^ ^3#^_-§-7lfe Ml ^#4 -B-§- 3W## ^#3 33 ^ #^ 7 > 3 r 
^Hui*l-t- -8~g-#§- ^#-8- afl^^^l ^^L3*i ^»fl -?}-8- tflAV$#-§- ^ 

zi\xmt±. oh $*)H#-8- ufl^^^-s. ^3fe 3HM*lfe -fr*## A 3#-8- tifl^^^fl 

Ml *}5S(|3. <?!i& n^^> <3«H Ml ^#°H ^ ^*l-7fl £M, ol^Tll # 

^ ^oflui^l» MI^#-8- wfl^^^l ^ttAS^I Ml* ##^1« ^ &7fl 

ol^ #*1» °}-%-x£ "1W afl 0 ^ 1 ^ ^ MH#-§- tifl 4 *^ -fi~8-## 

*3#-8- all^t 4^ -i*l*H wfl 0 ^, I7fl^l ^-^H ^ 241 ^«fl 

Ml^#*|- -e-8-#l- ^#§: a fl<#* tM°H ^ ^wfl^ J- 
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4^ ^ °1» °l-§-^: W^fl {MULTIPLE LAYER 

PH0T0BI0REACT0RS AND METHOD FOR CULTURING PHOTOSYNTHETIC MICROORGANISMS USING THEM} 

£ la ^ £ lbfe ^ SAV^ ^ ^(double flat-plate) ^-^#^€-71 

£. 2a ^ 5- 2b^ ^ £41 ^ ^^(double cylinder) ^H3#^-§-7l ^p- 

51 3a ^ £ 3b^ 3] ol-g-^V (tubular) 7] <a} 7fl^^.S ^ 

JE 4a ^ -£ 4bxr ^flY £41 ^ 1^ ^-^#^-§-71 ^-£» 7B^^-S M" 

£ 5a $ £ 5b^ £ ^ £A>^ o]^ s%x&# ^HflS] ^S#«]:-g-7l7> £^ o.jsL 
£ 6a ^ 51 6bfe ^oifl^- £A]-^ sg^Ctriple flat-plate) <§3N 

£ 7a ^ £ Tb^r SI 6^] ^o^-if 2r-A}*g %^#«:-g-7]7> <£^J1 

5. tifl^^i ^-2:1- 7fl AS. M-B]-^ ^ , 



12086 



2004/2/23 



£ 8a ^ 5- 8b^r ^ 3zA>^ oj^ ^^-g- ^#^7l 7^3 

5L 9a ^ 51 9b^ S 8^ ^ 241 1^ ^-^#^-g-7]7> ^^^5. 

H 10a ^ £ lOfrc- s|oi|4 SA>^ ^ ^(triple cylinder) ^3)3 ^MS*^ 

£ 11a ^ E llb^r 5L 10^1 ^oifl^- SA>^ ^ ^n^) %*m#-%-7)7} <£ 

E 12a ^ £ 12b^ *H?- 71^1 ^<Q*$ o"|^ ^tfl^ 71 5E.^- ^#^r-§-7Hl ^ 

5L 12c^ i 12a^ ^#^71* o]-^ ^X\c% i°\ yfl<£X|7><3l ^ofl ^ 

£ 12dxr S. 12a^ ^#^711: ol-g-^r ^Hl 1^ *fl°<^m^ ^sj-ofl ^ o^E^ 
€(astaxanthin) iJfBj-^ ZLEfl^o]^, 

e i3a ^ £ i3b^ 7i^ii ^a^^i *w ^ % w 7i ^<a^ ^ 

3E. 13c^ £ 13a^| ^J#^>-§-7l» o)^ ^X\d\) 2 <5} afl^l^ >M^3= 
3 <&J|» 4B}-\fi niteolPl. 
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5L 13d^ S. 13a^ *^€-*§-7l*'ol^ 2^ wfl^l^ *W 



£ 14a^ £ 13a^ ^ft^lf °)-&& ^Hl 3$ «fl°<M?>3 

51 14bfe 5=. 13a^ ^#^-§-711- ol-g-tb 3^ 3=H o>^# 



5 : ^^^^ 7>i 

6 : 7}^ ^^^ L 

7 : 7l3L 8 : ^^H. 

qo* ^*fl -B-g- tflA>A>i- ^ ^ >3-^7> ^^tt ^}°lt 

4. 
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biotechnology)^ tfl^b #<S*1 *«M3l' -*7l 2* <^*l W8 *l*#3.Jf- 

b) t)-«£tr 5i^7}7}x\°) -fr-8-M"fr ^ ^ M*Rs- %°-5L, %^ *1<«*3JMI g 

Bfl^l^(carotenoids), H3 B.^<& (biliprotein) ^ «M.fi..fc3.*€H 
(bioflocculant), #3*(polyols), 3:*r« ^ Sr*r^#; 7l#, ft^Hr^ ^ tflsfl 

<28> oie^ *14# ^<H|fe **fl4#=r -{f-g-## *m 4# ^^-i- ^ 

^ ^ ^o] <&SLn\, ol# t^-l-jM^ -fr-fr^W: <£7l 3 

*H ^m^-S ^ #7415. ^r^^jl &i=r. ^ ^fl ^H-Hfe -g-^l^^ ^ 

^ afl^S?! (optimal growth condition)* -fr*|*H -S^l^H, ^ ^HH^ 

-g-^l^^-Bl -fr-jKHfr* 3tKr ufl<#^£ (stressed condition)* -rr 

*1*H ^*fl7} 3 °]^r 4#*K*1 ^^|7l( stationary phase) 7l# 4<Hr 
4. °1^7fl £<H*l •n-§-^#^r ^^:*>7fl 4^3^" ^7flS 2*} tfl ( secondary 

metabolite) BE.fe «1 ^^^r^rl^nongrowth-associated product ) °] ^3. 

<29> o)e^ ^-^-i; ^-^"^ A JiHlfe ?%v\^3.^^(Haematococcus sp.), : n-M-^ < i e r( 
Dunaliella sp.), €-S5S^-(<2?y^ococ^ sp. ) , #3.^3r (Ch lorella sp.) , ^HMlrSr^^X 
Acetabular i a sp.), ol3.SAl^i(#y C rocysr/s sp.), Ic^^CJtfosfoc sp. ) , .2-^ 2flS.3°K 
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Oscillator ia sp.) ^] $X^. ^ ^ **l ^^^1^- -fr-§-*}7fl *}-§-£)31 & 

^ o>^b|-^b1 ( ast axant i n) ^ -ft-g^l-sL^ ^ 5^. 

4. ^an^j&s., #7)1 1 ^^^-g- ufl^^lH -a-^n 

(optimal growth condition)^ -fr*]^ al^-S. ^*fl«£^r ^m*}^, #31 2 

€ wH-fi-^^Cbiomass)^^ -fi--8-3:#(2*> tflA>AV^-)^ Jl^^S. /gxVS^ ^ o^. o]^.^^ 
oJ4(nltf^5l *fl5, 882.849S; *)1 6, 022, 70131 ) . 

<31> AA 27fl^ «fl<£2« Bfl^l^ ££r Bfl^f T^l 

*>JL, zl ^^-S^* ^Hfl <S^(pond) %^ ^-i-Cpaddle 

wheel )<=>g Bfl^m ^^l^m ^S-(raceway) %^ ^tifl^cfl «l*fl 

<32> n&iq-, ^-7] ^ 27^ *fl<#s* «B^7l^ «ill«fl 6 tt 3* 

ol o^t}. ^*f|3 o.s., 5*flS] ^tr #7fl 1 tifloj^ .ft-g-a*^ ^ 

#711 2 tifl^S* AA -S*1*B°> *rfe ^31-5-, °H 4^ Tqtfldand cost)** ^ 
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S!*H #^<% ^$4:^ -fr3l€ 3.^7} ^-§-^1-^ ^-g-S^Rrti] ft 



<34> $- 7 }& ^q-$r %^*>7l 4]«H, § f i^fl ^ «fl°<H^ ^-g-"fc *H+ 

• S-*fH8#-8- afl 0 ^^^ «Jr-§-7] ifls] ifl^HI *8^€ 3* *Hr *-««-Sb§- 

7]* *H^Hfr SF-tb, -8-71 7]^ ^ afl°^^, •fr-g-'SM- »fl°^ 
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^ Ull^^^l £^>S^- *>7l ^*IW, -R-g^bl- Hfl^^^r ^S^Wl^" 

S- t^^aL, Wfl^^^r #2:XH3-*|<4 $fc£^- f^AS. SKr 

<36> olSj-, ^-g- <g^£)-. 

<37> ^#^>-§-7l» 

51-^ -frjffttl-. °H, ^71 ^-g- afl 0 ^^ tifl^dM^ 

wH_£_*fli3. ZL^^jL4(mutual shading)^) <$^<>-3- 24^^] wVtfl^o.S. # 
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:40> ^-71 SH^Mfe- *>7l *r"§M 1^1 vj-^ H r^r flr°l wl^-t^B ^(Beer-Lambert's 
LawH] n^-ef ^^^^.(^^71-) zl^JL xfl^ 5^^S7> ^7>^^-(/?^ 

c4i> H^-*} l] I=f 0 exp(- 6 p d) 

<42> (#7]^]^, 7^ Jfa^ ^ ^7] > Aj| 7 ], ^ ^741^, 5^)1^ 

(7 0 ), -S-SL^ofl HW-SMI^ 371 ^ £ W7]2l 

(light penetrating depth; d) ^^8: ^Tfi °H , «fl°<M «B°^^^- 

s. 3^1*1 ^}n°ir «fl°<H 

3. ^ nfl^^«fl^ ^Jl^^l *1*fl€ ^ 

^V-g-Sl^ lH^*|7r ^^ui^S. €«*q<H «fl<£^ ^rS-» ^-^171711 ^^r. 

7H, ^7] ^^-g- tifl^^# «]r-§-7lifl^ ifl^-ofl ^A^t}. 
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^a^ji «fl<£^4 ^^Al^lcf. ^-§-7>^t!: 

5., -grS^ ^H, *H£r# g ^tHS-H. ^(PAR: 

Photosynthetically Active Radiation)^ tf*Rr ^€ € 7fl a]~§- 

-i- <LS ^ ^-^-€^-5- ol-g-§>ji T 

^4Q_g. £ 6, £ 74 3E a-fe Qo], #7) ^#^§-71^ 3l^^4 

^^^d]^ -fr.g-## ufl<3=<8^oi t§^sM Bfl^o] ^-71 -B-§-<+# ^^^H 

S)i ^A>^l7> #7] ^M^l tifl°^^°fl SA>£)£S. ^-tf. 

<46> ^71 feA>^]^ ?m^9l ^M^), ^"71 #*17> ^ ^ ^. 

*ll 3.31 ^IHb ^1 ^>7l ^tb 

<47> o]5^ ^-g-^Krti] ^ofluixl ^ ^HM^l £ ^ 

7l» ^Sl-^:-5-7H^ >£*m ^F<3#-g- tifl 0 ^^^ 3^7^-, 

^^^l -fr-^* -«4HI 3^>5L4I=- <r ^ ^^xt °H tflSfl 
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^f-^, ^ <y^JL3- °)^-*\& $^3. ^Il^t 

5ft*h 

4 g> s^j-, 3g-^^.^--g. 7 ]fe <&$3*I afl^-g-^ ^7>(scale-up)7> ^3*1^1 

ol-t- z^-^ ^ ^S#^]:-S-7l# ^fl ^ (unit module)^. %-fr«H °1# <£^^- 

5L >i^(stacking>«- ^ Sltq-. cisq. ^ ^ ^#*J-§-7l±r ^iLofl ^ # 
^Mr^y)^- ^2=^*1 (sandwi ten) *8^£| l^Hl^Sl ^-^fl^°l 7>^sH , ^r^^ 

£Rr #^3. afl^-g-^ ^7fl ^(scale-down)^]€ *r 

<so> ^g, Bfl 0 ^^^^ ^-§- yfl°^^^ *WMM 7l^l» ^ 

^, °1# £I*H ^7l-if ^(air-lift) »cH4 °}7H1 7)^m impeller, magnetic stirrer 

^f-)* ^7>t!: B^(stirred-tank) ^ ^>-§-* ^ 5£^-. 

<5i> 2^ S>^7H1^- -fi-Bfl€ 1, S^^E. ^1 tflA>^ ^ -S-^S. ^3*1 

3H^|*l7} <I^uixl^ ^Sl^ Bfl^^^i ^7>*H , ^M^. ^^lM" o)7_H]^ 

n]^§ ^ ^ -H-§-t>l-^ a^Sl #3)3. Wfl^^^ ^3£« ^A7} 
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Sa^r ^-Mfe ^A^r 2.^ ^» <g.M&7] ^ (sprayer)* -i^r^M-, ^^(sun 



screen) A>-g-*H ufl^S.* ^ 



«2> ol*>, s^-i- t^S tfr^tb ^Al^Bfll- ^*M4. 

<54> £ la ^ £ lb^r -21^- ^A>tg o]^ ^^(double flat-plate) l^s} t}^ #^lr«}-§- 
7l# q-Efia ^ ^^^S. ^^(fiat plate)^ ^H^*l(3)7> 

ilW? ^§-71 W<S«H -*34b-§- WS^UW -gal^ji, # 

7} Bfl^^ci)^ #-§-7] tfl^Mi -i^i^ui 

4r ¥*rtb SH^*^} ^5)^ afl^^(2)^ ^€ €■ tb l^ ^ 

2A}^ o]^ ^(double flat-plate) 1^ ^3##-§-7ll- ^]t^. 
<55> S. 2z ?Z 5. 2b^ £|Jf ^A>t§ o]^- ^ ^(double cylinder) 4^ ^3 

7]» M-b}^ ^i, «_S. (cylinder)^ ^^-l^^S. 1H1M*1(3)7} ^g-s| 

^-Sr-fr wfl 0 ^^(l)^l -fr-§-£# Hfl**^* ^tb 9HM*|7r ^#3^ 

5*1 ^^-g- tifl°<f^^(2)^l #-§-7] vflJM ^3 tb ^ 241 t 

^^(double cylinder) ^Eflfil ^ ^#^h§-7]« 
<56> £ 3a ^ £ 3b^r Efl^^- o]-g-^V- (tubular) ^#^7]» t 2 "^ 
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^s\$= 5*1 ^#-8- nn^^(2)«>i vfl^-ofl * ^ 

(tubular) M*«r*7l* i-M^ sHtJ-. 
*7> 51 4a ^ £ 4b^ ^ 241 4^ ^S#*-§-7l» q-ErVR 3^-3., 

^Sfl^JUL 3g^^ ^<><H] ^*1€ 3HM*1(3) ^#*]# 24^1- Sf^Rr #-8- 

-fr*4« *34r-8- tifl^^^r ^-sH* 3HM*|7> W^lfe 531^-8- tifl^^(2)ol 

» 

q.°- 7 ] tfl^Lbfl ^^1^ ^ ^Bflo] iflw. S a>^ o]^ ^(double flat-plate) 13) 

<58> £ 5a ^ £5bfe £ 4^ o)^ ^Efl^ cf^ ^»^h§-7l# ^H^Kunit 

module)^ %-8-^H °1» wfllsKr 3-2-3-, 5^°fl ^3 ^fl^ 

*l<3l -£*1^4 SHM*^ ^MJ-^a- ^4^ui o^cf. 

<59> £6a^ £ 6b^ £ 1 ^ £ 4^1 4^ l^o] sq.ifl^- ^a>^ ^ ^^rCtriple 

flat-plate) 1314 tj.^ ^*^h8-7l* 44^ 3-2-3., t^^-^S W # 

-8-71 ^ f^<HH «H44(3)7> ^SjZL, SA}^t 5Ef"^ #-§-71 vflJf^SH -a-8-^>l- 

#-8- afl^^ClH €*144, ^"71 -fr-g-M- ^^r-8- «fl 0 <f<8^(l)4 3«H A 3#-8- 

yflo^cgo^ ^6j|ui^7> 5-^1 ^^"-8- Wfl°<f^^(2)ol #-8-71 Vfl^-6fl *3*]^ 

^4 % ^ Efl^l 4ovfl-^ s§ ^(triple flat-plate) 13)4 4f* ^-^##-§-71 

# 44^ 3°14. 
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<50> 51 7a ^ E. 7b^ £ 6^ ^-xfl^f 241 *=r^ ^S#^-€-7l» ^ 

#*|sL **«H o]« ^3-2-3. Wfll^ ^-i: 3iL5L, Si^^l ^fl^l 

^ >g*1^4 1HM*13 ^^-i- <3M*r^ 

<6i> S. 8a ^ £ 8bfe *W 2AV1 o]^ ^3|^^ 1^ ^^%^7)% M-E^ 

*r*r €-§-71 xflJf^^H ^-g-^r# tifl^^CD^ -£*133L, ^"71 ^--g-^rl- ^#-g- ufltf 

•^^(2)0] €-§-7] vfl^jM) -£*m HSr^ ^ 2:*V*8 °1^ ^ -^(double 

cylinder) 1^ ^#i£h8-7Hi- q-B}-^ ^o]i}. 

<62> 51 9a ^ E- 9b^ ^7l Ifl^f- SA>^ O]^ ^Zj^f- 1^ ^3#«>-g-7l# 

<63> 51 10a 3> 51 10b^ £)-^\*f- S^W ^ ^is] rf^ ^-^#«V-§-7l» M-h}^ 

^O.S., ^313 *M ^f-^ -Sl-¥-^ ^7131 ^cHm^(3)7> ^S)3L, 

* S-f-^Hb «>-§-7l xfl^^^l ^#-8- afl^^U) 0 ! -t^l^M, ^"71 -fr-g-^rl- 

-g- «H°^^(1)4 -ft-g^S" ^#-g- wfl 0 ^^^: iHM^r ^sl^ ^1 

-§- afl^^(2)ol ti>-g-7l vflJjMl *i*l€ £r 1^°J ^oifl^ SA>^ T^l^f 

(triple cylinder) 1^ 4^ ^l" ti J:-g-7l* SM^. 
<54> 51 11a 3? S. llb^r ^"71 ^Bflsl t^t ti i-5-7lf ^^]S. °1 

^ 0^30.3. tifl 1^ AAQ ^^1^ -i*1^4 ^H^i*is} ^ 
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Sa<H-H . ^ 3^ (batch), £^ (continuous) ^ -R-7>^( fed-batch) ufl^^-i:. 



Ml-SH-71^ ^sfl^-S- ^ ^-§-#1: ^^^H ^*Vfe ^K^sfl 

<67> ^-71 ^ ul^ti afl^H 

<68> ^-71 «fl<£ ^ -B-g-^>l- ^^^^1- «*M§# "lW* ^Wfe 

<69> s|-g-«fl<# 1 #3H*1-b €• ^3 ^#^-§-71 vfi-*M ufl^eW 

yfl^^^^m ^t!r 3^ *r SfiU. ^jS.ofl a)-eH cf^- ^£3. ^^TIM- 3L 

o]pl 4 ^ofi <>l-8-*M ^S- S£i=k TdMI^ tifl^ 

S^HM ¥ <83 S.^°ll W-S 3-^l^^l7]7] ^ ^"fl, ^ 

^5.^- <#o] Afl^s] 37 -|ofl ttj-ej- ^-Jizl^ (mutual shading)^! $7]z\ & 



<66> 
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^ ^<Un°\ m3-^A(Chlorella)2\ ^-f . 103-10 8 cell/m^ ^£3. 

^S3*V^L, ««i»>Sa^(ibaBfococciis)^ 10 3 ~10 7 cell/m*^ ^tW. °11 

<?o> s|£«fl<£ 2 ^Jfl^Hfe ^-*|)^# ^ -8~8-£# *i*8*>7l ^71 -8--g-## tifl 

^^-fc ^ SA>^rf. <>H f £3 ^§ tiH#^1 ^(optimal 

conditional ShE^f- S^^. ^<?m *H*-§: ^1^1 7l 41* 3 

O.S., «Hs. f «fl^>£S^^l ^-f ^-tir^^l 5.^5.7} 40 -200 umol/m'/s ^ 

TgTtt #5L^r 10 -50 ymol/mVs ^gAS #^tf. ^ P H, g 7}± 

"HH ^ ^ 54^, ^3., ^}E3^if a>-8-« PH 7.0, £r51 

25 °C ZLS^Ja 7>^ 100 me/min^-S. 95 %^ -3-7H 5 %$\ o}^^^ S.*f& 7>^» 

<7i> ^71 #5.5. Q^^H SA>*>^ ( -fl-8-&* ^ -S^^ 

^fij 20-360 mg/LS. ^7>S}$t}(;E. 13c ^ £ 13d #2:). 

<72> olel^: ^^171 o]jp: -fr A|AV^^( s tressed condition)^: 2i^^>^ 24^ 
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, ^b^bI AgAveg^o.^. SA>El^ ^oim^l^ S^SLfe tc|.e|- 200-2,000 iimol 

/m'/s ^f^S S^W. Hfl^^Hl n*2* ^I^M ««<9*WI ^1^. ^1^— 

5)^, ^H^lfe ^"71 <m-ir ^-^>^ Zj^SM Bfl^^l 

s ^3g- £7 > 10 -100 ymol/mVs ^°_3. #i*r7fl 5|JL, °1» o]-g-^>^ ^§ ^-^1 ^1 Tfl 

^rf. £ 14a ^ £ 14b«Hfe ^xfl^ Z5fl£f # ^ flt*. ^trtt 

^^><^ if^S-Jf^l -fr-§K];#-§: ^^Vfe ^(downstream processes. ^ 

^.Cj.. ^6)1 ^H^-g- Bfl^^ 5)^ «fl<£3 ^^-g-^S. %-%r*}7\) 
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<?8> Aj- 7 ] <a^nfl<£ 2#31» 7^ ^ -8~g-*i# tf-M^ <r3-*r3l, #7l 

<3^tifl<# 1^1^ ^^wfl^ 2^1* *H^£.S. ^^Hr ^K^flfl^ 3 3E^Kr 

-§- yfl^^tfl^l ^W-. st!: 5*fl-S3"8- nfl^sH-M ^ 

<80> ojtid, ol^^^: = (peristaltic pump)» ol-8-*>7m-, *7l^-^ 

oj) ^o] #3}^ ^ %~$r *}-&^. #7l ^-f , -§-°lt!r ^ 

* a^^ Ji^iS. AJ.^ 5-^1- -Ml* -B"g-4># ufl^^-SLS. 
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^xfl^ 4£<4 nii^* ^^714 *m€ ^snum * *7H ^ 

<8i> g<M<$ 2 fcTflfe *W D llf^1 °1* ^ ^ * -fr-M* ^^3^ ^^^S. ^ 
(stressed condition)^ 24t *H , *HM<* 2^31^ *i£HM 2^} 

^tb m* ^-i: ^ sa^. 

<82> <a^wfl<* 3#?H*ife OL^JL tfl^JLS. ^<i*}7] 

q. °i-g-*H nfl^ejj^ ^-s-a* 



51-22 




^ 5^^- ^ -fi-§-##^ *34HI -fr*l*M 'S^** 

^o] ^fl^^SMI Jisj-^^o] <gg\7% $X2.B-^(Enzyme Microbial Technol., 2003, 
33:403-409), 5*fl^ ^^<=>fl^^ -fi-7H n<#-*r ^£.7} fli}. 



^ IHlS, ^\S,3.^-^Haematococcus sp.), ^QiDunaliella sp.) , t^S 

3J£{Chlorococcw sp . ) , ( Chlorella sp . ) , oHl^* 5 ^ o\{Acetabularia sp . ) , *1 3. 

S^l^^(#/croc^/s sp.), i-^-Ukstoc sp.), -S-^sflS.^ <>>( Oscillatoria sp.) & 

3£ 



<87><^AH1 1> ^l^l"^ «fl<# 

<RR> ^lAlril ^ 19* ^! 19ho11 U-BJ-vfl SiM*- 7l*ll <>lfr ^3 "fi^C double 

cylinder) 7]3L& ^##-§-71* *}^}%^- ^3 W %$%#-$-7]±: 

51-23 
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4^ -£*1€ ^:^1(8)«- <>l-8-*H U*IM*l7> 3HM*|7> 

-g- Hfl^^ ^S^Uinner core) ^ ^#-g- H^^H 

^cf. 5Eth ^-^#^-§-71^ 700 me -g-«§=3 700 m£ -g-^ 

<89> oH 2J-z^ -£*1*H -fMKM- ^-8- J***^* -flit 

71^1 ^ ^1(5)^ «fl^^* ^ 7l^| ^(6W 7>^» 

^S.^ Wfl<#°-^ ***** ^oflui^l ^g-^T #1^ ^T^S.^ *§^ = 

(8)» a>-§-*>3: 5ao-i*| <£^7}<% $^3\*]7\ J£x]z\9X^-. 
oo> n]^^-g- zl^7> -H-§-tt#^l 6>^iB)-^S:^(astaxanthin)* ^#*V^ "£^31 

^^l-SS^C^eroa^coccws pluvial is UTEX16) ^» afl^^Ji, <S«3=*ll*l3.fe- 
MBBM(Modified Bold's Basal Medium)* ^>-§-^)-^4. 

<9i> (s)£-wl|<£ 1 t&A) ^ 

<92> 7l#€ *^**?V*7H ^-t»m ^^3! (**£-§- afl^^^)^ 

-g. flfl<#°§°Ocfl 4^ 1.2 >10 4 cell/mC ttAS ^*>&t=1-. 

<93> (Sj-g-tifl^ 2 #7fl) «fl<£ 

<94> ^ ^^-^H(8)» *l-§-*M ^r^^^^f. °H, ^ 

*3|j^B| 10^ ^-~V£- £i-T--nv^ &^3E.« 80 uffid/m'/sS. **]*j-£-°_^, 10^ °)^- 
^7>a]^ 770 umol/mVsS. t}. 



51-24 
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35> afl^l JL^3)- tifl^ofl^l ^ ^ 5% C0 2 7]*f|» ^-7)^ 



c97> aJ- 7 ] ti]]^^S^-Bl 24^ yfl^ *>*lol, ^51 ol-g-^M -a-B-^rl: «fl 
Al^l 3jL AflS.^ "S^Hitf-fr «fl°^^^ ^r^VSW. 

<98> (<3^l3fl<£ 2^1) «fl<£ 

<99> 3E^%5E7> 770 umol/m 2 /s ^£-3, 2:A>*H €^1)*Kr 

-g-*ll7> *t- induct ion)^^L, ^^(vfl^-S^)^ $\ 



<ioo> <^o|] 1> 

<ioi> ^- 3)-g-ti)l<£ 1^1 ^ 2^1 -altb 5*11 ^3*1] ^ ^ o>^Bf^^ #^-ir ^ 

<102> ^-^^0.3., ^#«H-7l^ ^"71 ^6)1 1^ £J.J=L ^ojtg o]^ ^*)^f- ^Bfl^ 

7li^- ^-^l-^-i-71* A>-g-^j-^4(^ 12a ^ 5. 12b 

51-25 
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03> *1 JL^-7> -fMKri-Sl o r ^Hib€(astaxaiithin)-8r A S^>^ ^B}^ 

^\^3.^-^{Haematococcus pluvial is UTEX16) Hfl^SSl^, cgojry^j- MBBKModif ied 

Bold's Basal Medium)* A>-g-^tif. 

i04> tiV-g-71 $\^A?A2\ i^H* 80 ymol/m 2 /s» -fr*]*}^, ^3^* 1.2 

HO 4 cell/mL ^-2-3. ^<S*H »fl^ *Wr34. 

ios> o)x$ -frsflo) ^4 afloj:6floj ^ ^ fh^€^ 5% C0 2 ^7] ^ ^ 

^^rS^, ^7]^ ^Jf^^r *fl-¥-S<H 100 me/rain^-S ^t^^r. 

ioe> ufl^^ 0-2413°]^, 2<a^ ^4 4)*Q fresh weight) ^ 

^Br^Castaxanthin) #**Mr ^^S^. <>H1 ^tb £ 12c ^ £ 12d<^l M-B>ifl& 

i=r. 3H^r ^ lOQo] ^ ^S^H ^^-a]^^ i^lt ^o]rf. 



:i07> £ 12c ^ £ 12d«)H iL^ w>^r «fl 0 <M: * 5^l7> 

wl^^V ^§os. ^^>^7>, n<$ 6^^1 ^4^^ ^€^4 ifl^-S^^ <$*f|^IMI *>°1 

^14. 

<ios> afloj: 10 «^o^ Al^^-Bl ^HM*] S^^-S-7> 770 umol/m 2 /s ^2-^- ^ 

(induction)*}^, *HMI2 «<M*l7> ^l^^oj] 

51-26 
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so1 6jj ^ oV^Bf^rH^ ^s^o] S. 12c4 £ 12d°H i+Bj-VE 

o]^o]7S\ o}^#Q f^o] 332 rag/4^1 °W Afli 3.7]^ ^ 36.27 jumS. ^-tfl 

a^tfl 5.8 >10 5 cell/m^4 ^31 f^C fresh weight) 9.94 g/ « 31 ^ 

5£&i=r. tfl^a°1 <8*H*lfe *|4*ai 0.3. ^tfl Afli^s. 3.2>10 5 

cell/roe ^ ^sflf^ 6.1 g/4^1 ^ ^^^0] 31 mg/ £ S 

:109><^6j) 2> 

:110> tf= tgBflcq ^^-|-7l« ol-g--£ ^fl^ ^ o>>,Ef^^ ^d>Ji7l 

ciii> ^ofl 2^1 *\5= S. 13a $ S. 13b<H] i-hM ^r^r :&©! , 7^ ^<3^1H ^ ^ ^ 
^j=l 7)^ ^<y*g o]^ ^-S^Cdoble cylinder) ^Bfl^ 7l5L^" ^8#lgb$-7l* ^}-%-^}^. 

7l(double cylinder photobioreactor)* 5L 12^ #-§-7H *>3r7}*|3. 

QJ§-%°\ sl}*-6\] ^4 ^^ = (8)« °l-g-*H SH^*!^- ^>-§- 



#^ 2004/2/23 



ol-g-^ Bflo^ xflo} ^.g. ^(mixing)^ £ 12<*fl i-M^ #-§-71^3 *>ol3£r 

vfl^-S<H^^^r ^tb 7>^ ^ #*1(6)7> £ 12^ #-§-713 *HM -t^l^ #^,S. 133 #-§- 

7lfe #-§-7] ^Ofl ^ ^3]£N^^8: lfl^-S^3 §KH^H 7l*|« ^3 

^ ^ SHE* *J*]sM Sft^Hr 
H2> ^ufl #7) 7}Z& ^S#«>-§-7]^ 500 me 500 mfc vfl^a^k 

113> ^-g- !3fl^^(l)3 7 )5L^- ^€-#-§-71 7l*HH ^7>^(5 % 

C0 2 )» «fl°^3(D^ ^S^fe #-§-7] tf^MH iBfl^l^i 

(stainless steel) ^ 7}+ ^<S#* ^i2<H <333 *HM*1 "S^S^ 41*1 *M 

:114> ^ ^ tiflx]^ ^-71 -^Al^ loflA^ ^ jfl^SSfi MBBM «fl*|» ^>-§-^>^^ 

cii5> Jf-7]^ 3 ^-€^4- ^fl^MH ^ 100 me/min^-S. -fM*Rr ufl^ 

<n6> ^^i^- 3^^m ^wte* ^-g-^^i, n°^7) ^^^^ s.^ ^-s^ 

80 umol/m 2 /s^: ^IW, ^ 770 ymol/m 2 /s ^7>a^ <2}Jf 

. <117> *lftM*hfr 0-24^^]^, 21H 3t s§M ^(fresh weight) §J 

o^E^Castaxanthin) ^tt<8&. °H ^ £ 13c ^ S 13d<^ll ^^9X 
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18> £ 13c ^ 51 13d«M *W «fl°<f ^4* »]s«fl ii^ ^^HH Jl 

^HSl -B-g-iM- ^l^ 0 !*!, Bfl<^-i: ^.^r Al^6)|^^. 356 mg/ £ o> 

B}-*r€ 3*1 W lOHfl 3H Sfl^Kr o]m o}^^ A^AV-g. <q 

H9> 3> 

:120> ^ <3^Bfl<£ 1^1» ^^"^11^ ^ ifl^<H^ Cfs. ^ ^J£S} 

:i2i> ^Al^l 3*IH^ 5L 13a ^ £. 13b<Hl tf}<4 ^o] p 7^ ^#1^1 ^ 3? 

7l*fl ^<8*$ o)^ ^^(doble cylinder) 7)^ *^#**7l* A>-g--5>^o.^ 

, ^S#^}-§-7l^ ^^-ofl ^-H] ^«h5a^. °H -*7l 7l£t ^S#«V-g-7l^ 500 

me -8-^ ^-¥-^^3}. 500 me -8-^ v-fl^S^S. afla^S*^. 

<122> ^-g-A># Ufl^^(l)^ 7lS^" #^##-§-71 7l^)oJ|Ai ^7>i(5 % 

co 2 )« *ana. ^^--s- w^cd^ H^-s^m ^-§-7] #jmm ^n<&*)^ 

51-29 
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(stainless steel) *W 7}+ **H ^3.^ Wfl 

t23> ^ ^ «]]^^ ^-71 16{|a|<4 ^ *fl4l3fi MBBM 

o)x$ f ^Jf^^ l ^ ^A]cfl 2^ ifl-SfsoH^ "3*1* 2.5 >10 5 cell/M 

o] ^^o.^. ( iflJjL^ofl^ Afls.^ 1.0 >10 5 cell/m^ ^^-^-S. 



124> ^3.°] AA 100 me/min^-S -fi-*l^Rr -f}-7H «fl^ 

125> ^aflfe ^Jf^SflsL *|^§3ii=* o]-g--5>^ZL, tifl°^7l i^^S} ^ 

200 umol/m2/s» -B-^l^^. olxrfl, sq^fl^ifl 91^ ^3<H^ 40 y 

moi/m 2 /s» -a-^i*>5a^. 

:i26> flfl^A]^ 0~16^^H, 1«H 3^ ^ "S^I^ « ^IKfresh weight) 9* ^iB}-^ 
(astaxanthin) *H *fl«r £*Hr £ 14a ^ £ 14b<H| ^ifl^rf. 

<127> 3E. 14a£r nfl^l^cq ^ofl tt^ ^-^#^-71 -fr-^-S* 4)*>-8- ^^^(1)4 

3*11 ^^-8- «fl°^^(2)^ -M^^ £ 14b^ ^ o>^^ 

vJ-b)-^ %°}t\-. sfl<£ T3lm«fl JS.^ JL3f^^l 0 1^-°1 

aJ^JLil. B floj:^ Al^ofl^^ 368 mg/& o>^^H^ 4 s 

olo^r, ol- ^*IU3*I- eati.dfl *flc}-§l-^ Ul«-5iO^ <#°)c>\ ^^^^ 24.5 afl 

MM* 1 - j I 1 — • MOO O I 'I '* *-* 1 ' " ' ■ ' # w • » ' 
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3.5 >10 5 cell /me ^ 48*11 4* 3.01 g/ 1 *\] SSgrQ ^ oV^^^ 15 mg/ £ S -fr 

-fi-g^b#^ ^*A^ -SHHH *l^r3*l ^H^l 

^^>ji, vfl^-3<H^ -g^^^H^ »fl 0 ^ -S*B* 4^ *fl 0 <M^ s^fl^ 3 

^1 %-§-^>7ll nj-s^ O.S. ifl-f-iaoWfe- Afls-o] ^^>J1, -sq^fl^l^ 

^efl^l #&tt4r #-§-7H*i T^tfr 3-2-3., 7]^ 

-§-71^ tfl^.^^^- $sq^# ^4 ^^^^-s ^«-*H -t*l*Rr ^^-S. ^ 

* ^*J% ^ sa^, ^1 -S 5 ** fl* ^ ^ -n-^l €A^r ivf-^-i: #^ 

^ Z&H[ ^ef1h°3.^ *]tfl(land cost), *l-§- 
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-*7i 3-sfl^#-g- Bfl^sH 3«H 5-^1 ^ nfl^-i- <r-8-« ^ safe *M- 

M*^*!* ^ *11<8=«3«H S.^>S.^- *>7l #71 til] 

#<8^ #-§-7lifls] ^ ^1 *§^=M, -*7l «*H^#-8- ufl^e^ ^hS-7H^| -fr 

^#^-§•71^1 ^g) #3] tifll^l ^ ^#^-§-71. 

2] 

^■71 S^^^S-g" Bfl 6 ^^^ «fl d eM§^* ^*>7| =L *V°H J ! L 

51-32 
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«-2)#*l* 71^ #71 ^##-§- afl^eH sMi* *>7l #71 -fr-g-S* 

#71 ^-SA>#^^- %Z}5.^ ^#5)31, #71 ^l##-§- tifl^^^^r #71 #SA}#*1 S]- 
gJE-Hf- *fe #^##-§-71 ^ #71 ^#ti>-g-7l^ <^Sl ^31 



[3^8- 3] 

*1 2^1 $a<H*i, 

#71 ^3 #^-§"71 ^1 £)g|jk>6|£- -fi~g-## Bfl^^ol ^#S|ol Efl^ol #7] ^4)^) 
-B-g-## Wfl^^H SAVE)^ ^ ^$#^-§-71. 



[^T 1 * 4] 

»1 2*8" SEfe- *H3^1 $M*1, 



C^T 1 "* 51 

*0 2*J- *fl 3*^1 &<>H, 

#71 #i£A}#*l^ 7fl^^^l #*l3. T^fe ^-#^5. *Rr ^#^>-§-7| 



51-33 
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6] 



IIJt 1 * 7] 

*ll 1* 5^r ^2^1 

^■71 -g-Sfl^-g- Hfl^S^ ^ -fr-g-^# wfl^^l 7>^» ^<g^>7l 7>^ # 



8] 



9] 
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[3^8" 10] 
111 

*l] 1*J- ^ 2^ 5A°W, 

-§-7]. 

[^^J- 12] 
13] 

-8-^ ^fl^^H ^*Hr ^CS^H** 1^1), 

^•7] ^--§-^1- Bflo^cg^ o. ^ ^ «fl<#*Hr ^(^^fl^ 2^1). ^ 

51-35 
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14] 

^*Hr ^(^tifl^ 2#7fl), ^ 

^-7i «fl<# ^ -fr-g-a* ^^^^ p^ti ^^>3., n^^^x] 

&*\] HL^b <!}-¥-♦ -B-g-^rlr ^<3^JL3. ol^-^ ^-71 1^1^ 2# 

15] 

-H^s)^ <g°<H3^§: # in ^ .05. ^^^-^^ -fh§-£# ^^^l ^^Rr 3# ^ 
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16] 

*ll 13^- SE^r »U41H $X°]*\ , 

<#7] 23} SA>1- 2:A>«-E} %^ *H-§-^ 3*|7l*W 5^1^^ 

till (optimal condition).^ S^Vtb ^ ^*l7l -^--§--^1- tifl^S^ (stressed 

condition)^ 24*m ^ *>fe yfl'S^ . 

17] 

*ll 14^1 91°]*], 

^7} #7fl 3^ £^ ^1-8-^7114, ^-7]^ ol-g-^H 33* 

^^-S. *Rr %^ tifl°^^. 

18] 

*)] 14^1 

-^-71 #7fl 4^1 2A} -fr-8-*Hi tifl^^i( stressed condition) S^rfe 3?* 

19] 
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15. 2b] 
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IS 4a] 




IS 4b] 



[5. 5a] 
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15- 5b] 



6a] 



"4 



4 & & 




ft $ P P ft 

IS. 6b] 



2->: 



psfi n ii it 
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7a] 



4 & & & 





jai 



*ff* v,' Si" H * 



& V # # # 
IS. 7b] 




t=^> 



ft 

d 
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IS." 8al 
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[S. lib] 




t 



51-46 



109*402086 



#«3 2004/2/23 



IS. 12b] 




8 — 
15. 12c] 



49W3:(fresh weight) 
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12d] 



o|->rE|-a-S(astaxanthin) 




0 5 10 15 20 26 



IS. 13a] 

6 
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[£ 13b] 




8 — 
[S. 13c) 



£9*ll#tr(fresh weight 




0 5 10 15 20 25 

<MZKfll) 
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13d] 



ol-^e^iKastaxanthin) -S-g 



400. 
350 
300 
250 



?9j^-^.pm^^ ^^&^s f &g&3? 




10 15 



14a] 



^SllS-tf (fresh weight) 
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IS. 14b] 



o^E|-5fg(astaxanthin). #lf 
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IBfSSI SSSi] MULTIPLE LAYER PH0T0BI0REACT0RS AND METHOD FOR CULTURING 

PHOTOSYNTHETIC MICROORGANISMS USING THEM 

[fta'ei] 
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[gg] oi^si 
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[Ml 
[&0A^] 



232-949 

2frS!£ 8BI 1S1 177 SI II 

KR 

^SjS *||42£°] ^SOil 2|» aS, ^SiS XII 60S °l 9? §011 21 

& m&&M m smici. maiei 
omm (en 



29,000 3 
35,000 a 
0 S 
717,000 S 



20 £ 
35 3 
0 a 
19 W 
781,000 ^ 

mm 

390,500 M 

1. S2f/H-SA||A|(EeLl- 



51-2 



+ 



12086 



°4.xV- 2004/2/23 



^#-§- tifl^^l Hl*!^, -fhg-S-l-g: ^ 9X1= 531 £ Bfl^^ ^-i- *r $1 

^ i& 7fl ^^-g- tifl<#o§o* SL3, °}^-°)$_ ^"71 531^ till ^1- 

AjXJr-g- Hflojrcg^ o. jel^o^ o]^^| o]^}^ ^E)JL, -fr-**^ 

>I|3L^ ^^<fl ^^tb ^£5. ^6>^1 ^ol 531 -^#-8- tifl^^H 
f^^S ^ ^M-l-^-S-^ ^ oil- oj-g-^l- tifloj=^ofl ^ ^ 

^3 ^ ^S#^>-§-7l^ 531 $W -B-§- ^K># ^3 ^3 ^ #3|7> ^ 

^tb *H* M-^fe "1<«** ^ ^ afe °J^^ 

o) ^ofli^xl* -H-g-^l- ^-g- tifl^^^Sl *$-%SL3. ^^<L3.*] 53H -n-§- ^fl^lr-i: ^ 

3*1*14. °h 53i^#-§- tino^^o.^. ^3ir ^-§-#1- ^-§- tifl 0 ^^^ 

531 *His. si* * 5 * a -s-^n ^^v^i # 

^€ ^hh*i«- 531^-s- tiii^^oii ^f-o.^ 5-^1* <r si^i 

ol&|^ #*1* °l-§-^T *H#3 tiflo^J-^^ ^ 53l^3"§- tifloj:^ 

-s-s-g. aij^» ^ -g^i^n tifi°rt, 17*13 tifl<s^°n A i ^3 sin 

531^4 -a-§-<L>l- ^^M: 3^ tifl^ «M« *r £W -3-313 jl^S. ^tifl<£4 Jl 
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£ la 
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^ ^#^71 ^ on- ol-g-^- afl <#i£i3 {MULTIPLE LAYER 

PHOTOBIOREACTORS AND METHOD FOR CULTURING PHOTOSYNTHETIC MICROORGANISMS USING THEM} 

-Ml 

£ la ^ £ lb^ ^Jf 2^ ^^(double flat-plate) . 1131^ 3hW&-8-7] 

5E 2a ^ £ 2b^ ^ 2^ o]^ ^(double cylinder) ^^l"^7l 
3a ^ £ 3b^ n°^^r °l-§-^ ^ (tubular) #A3l-i&-§-7} ^21 7fl=f3-2.S. 
51 4a ^ H 4b^r xfl^- SA>^ o]^ ^BflSl ^-^1-^71 7fl^ i-f 

£ 5a ^ £ 5b^ £ 4^ ^ 241 l^fl^ ^«^-§-7l7> <£^o_5L 

yfll^ ^-2» 71]^^ AS M-t}^ ^35. ^ ^£^1^, 

S. 6a ^ £. 6b^ ^oxfl-f 2A}| ^ ^^^(triple flat-plate) 1^2] 3M8#*fr$- 
7) 7fl^-2-S. ^-b}-^ ^gSL ^ ^SI^H, 

51 7a ^ i 7b^ £ 63} 2)o^ SA>^ ^ 1^ ^^-%-7]7} <34^o_ 
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E 9a ^ £ 9b^ 5L 8^ ifl^- 2A}^ oj^ ^aj^ ^Hfl^ ^-^l-«V-§-7|7> <£^JL3. 
S 10a ^ £ lOb^r ^oiflJf 2A}| ^ ^*lW(triple cylinder) ^#^3: 
£ 11a ^ £ llb^r £ 10^1 sqoifl^- 2Af| ^ 4**141* ^8#^7l7> <3 

51 12a ^ 51 12b^r ^ 71*11 ^% °W 4**1 €* ^l#^-§-7Hl ^ 

£ 12c£r £ 12a3 ^Sl-^:-§-7l» oi-g-^ i<q ufl<£*l#3 -M*^ 

51 q-El-^1 ZLHfl^ol^ , 

£ 12d^ £ 12a5l ^-^#^-§-711- °}-%-& -£*H 1^1 wfl^m^ ^^Hl 4^- °}^# 
€(astaxanthin) °<M ^» ^^o^, 

51 13a ^ 51 13b^ 71 ^ ^^^l ^ ^ g *Hf 71^1 ^<g^§ ol^ ^ 
Bfl^l 71 ^#w>-§-7H ^ ^p-tim 711^ M-El-^fl ^£51 ^ ^ 

£ 13c^ £ 13aSl #*S##-g-7l-t- ol-g-tb 2^1 «fl°^m^ -M** 




51-6 




io: 



12086 



%:% 2004/2/23 



£ 14a^ S. 13a^ ^#^-§-7l» o]-g.^ ^X\d% 3^ ufl^m^ *}-€- QsQtt 

51 14b^r 5L 13a3 ^#^-§-7l# ^*H1 3^ H|| <£*1 %^6\] o}^& 



3 : ^HM*! 4 : *m 

6 : S*IU§#-&- 7>i 

7 : 713. 8 : W^H. 

2jO S -o-g. tflA>A> # ^A><3} ^ ^ A>Bfl7> *P^tb ^°lt M"^^ 

1*. 
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27> o.s. *fl3.£ 7fl^a>3.*l S-ff- ^#^( algal 

biotechnology)^ tfl^ ^a]o] feo>^ji &t)-. ^7} aMr ^#^^r ^ n| ^-5. 

Bl]^o]^( C arotenoids), ^^HSBfl^Kbiliprotein) ^ wM^S.^^ 
(bioflocculant), €3*(polyols) , ^ W^f; 7l#, ^sH^ ^ *M 

<28> o]Bltb 5-^1^ ^ -B-S-^r-i- *W ft^iS* -8.^} 

^ 3 0 1 f^AS ^ 5U°*1, °lt *H#3JMI -fi~g-*!:#-§r 

*H ^ ^TflS. ^€ ^«3^>Ji sa^K 3! ^ ^JttHH^ ^H^MI 3 

^ «fl<*2:^ (optimal growth condition)^- -fr*|«H ¥ ^HH^ 

o]^7\] ^-sfl -n-^^lr^-* tifl^MC stressed condition)^- -fr 

X|«H 5^7> d) o]^- ^#*}*| ^ ^x]7l (stationary phase) 7)# -fr-g-i+^-S- 
4. °1^7)1 <g<H*l -n-B-^^r -S-Sfl^^ t^^I ^S^^lfe- 2*} rflA>A>#( secondary 

metabolite) «1 ^}^^^^-i-(nongrowth-associated product ) °] tr^r. 

<29> o]e^ ^-3)-g- ^ *l^]!-^Tr ^\^m.^-^(Haematococcus sp.), tt^-bI «is|-( 

Dunaiieiia sp.), SS^fS^C^/crscooC^ sp. ) , (Chloral la sp s ), ^HM^r^^X 

Acetabular! a sp.), *1 3.3. *1 ^3 ^(Microcystis sp.), i^i^-(y\fosf0c sp. ) , -S-^^flS^I^X 
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Oscillatoria sp.) ^1 <8A. ^ ^ ^ 14S2f^ *J-#3Ml5L -fr-g-*r7fl aV-§-e)jl & 



t). o.s, ^1 1 ^olH^r afl^^H ^ofl Z^igZjr q#3i& 

(optimal growth condition)* -fr*l*Hr ^<L5L JL^SL ^*>31, #31 2 

^ yH-S-^CbiomassHH -B--g-#l-(2*} tflA>A]--.)^- o.s. ^-sRr 

5tm-(nl^^«| ^15, 882,849^; *fl 6, 022,70150 . 

^.j7 f n -=-*H ^^M: ^W-^-S.*), <S^(pond) ^SCpaddle 

wheeD^S- afl^m S^M^lfe ^(raceway) ^WcHHl b}^ ji^SL «fl<£<>l -g^V 

<32> ZLBm-, <$7) 27fl^ Df^f ^l*b tifl^l^ ^M^^ °} ^ -Sr*!]^ 

2 wfl^S:* ^4 ^*|*H°> °H *r€- *ltfl(land costM -£*1*1 ^ 
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Sl*H *l^-§-°lH # 

-§-71 ^ <>]♦ ol-g.^- tifl^j-^^. ^fl^Hr ?H^. 

^ «m <>1^ wfl°^^; ^ ^7i ^i|^#-g- wfl<S<3^ -B-g-^rl- «fl°<f 

^3*1, ^)l^#-8- Hfl<*<3^£- ^-§-71 ifl^MI ^€ ^^-S. *Hr ^3*^ 

7|» *|^Hr 3^T, #7] 7l#^. p>^- ^ 3-^^-8- BU^^ 
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*i s^i^^-g- *n<£<8«H j&^ke^ *>7i ^«b^, -B-g-a* ufl°^^^ t^^isf ^ns. 

^ *&^5L, afl 6 ^^^: ^-2:A>^1«4 ^€ ^ ^ 

<36> o]-^ «Vt^ ^^M}. 

<37> ^- 7l# 

<38> ^7-), ^ Tgv&cq tf^ ^#^71^ ^1 ^ ^-8"« *r 5£^r * 

<39> o] S ^ ^-^#til--g-7l^| £1*1] ^ ^ t}^ ^^##-5-71^ 7>^ ^ofl 

JE^ -B-SW. ">H, ^oflui^l^ ^-71 -fr-g-#:g ^^r-§- nfl^^ 

I i — ■ — >| ■ — i__ » — l-i • I — i \.*»»- w - wiiuuiAi^/ 1 I yj c» — 1 — — — I > i ' i •— — — t w t « — 
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:40> ^-7] ^Ht]*l^ *}7l l<*fl i-HM ^r^r ^1 wH-^B ^ ^ (Beer-Lambert ' s 

LawH ^ ^^^(d ^7\) =l€\JL «fl<£^ ^1^£7> ^7m^mp^ 

<4i> [^^1] I=I 0 exp(-6 pdj 

<42> (#7l*HH, ^] 7l> ^<3] ^71, tffe l"4^1^r\ -S^l^ 

<43> olttfl, ^AV-i- ^#-g- ^4^}^^ 2^5}^ #^£r ^£ 

(7 0 ), -fr3E<3«W &*mS= tiVol^pfl^ ^C^), ^1<>} 3.71 ^ ia 
(light penetrating depth; </) ^1 <i§«- b H, «fl°<M ^)H#-g- «fl^^^- 

3. ^E|^ ^1^1*1 ^1^1 ^S-^- -fr*l*fl°> *ti°<M 

9HM*1 ^-g-IM H^f #.2.ia **I|^3H*- afl^^HH ^l^^l *i*B€ ®# 6 >M2f 

^t^i ^>-§-s)^i ^m^i?} i^m^is. ^*i7"Mi ^^r. 

-§- wR^^H #7] ^7} afi<&^# S>-§-7M3 ^#<^1 

7H, ^"71 -£*lH#-§- «fl<£^# #-8-7H3 Ml^o)l ^^Al^lrl-. 
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^W&Sr ^-8-7>^ 
a, ^S^l f£, ^-fh vll^ ^ ^r^l^H ^> ^ 3^ ^(PAR: 

Photosynthetically Active Radiation)* ^Kr « 7 fl A >-§" 

■fr ^-^O.^ ^ Efl^^r W€-^-S. 71^^ °l-§-^, 

741*1^(71-1-), X| #3 7]^(^ ^) ^ jl^^I iflAHt#^ ^ 

oil ^ 2-7>^ ^oim^» ^7} o]-g-*M ^<M*1» ^^>fe a o V ^^ 7> 

^V^. ^flfl^^s. £ 6, s. m- £ HtfW Ji*r ^71 ^3-1-^71^ 3^^)- 

^ifl^ofl^ tifl^^ 0 ! ^7l -fr-g-^l- tifl^^^l 

^-SA>^7> -^-71 ^Vfl^ -fl-g-AHfr ^fl^^H SA>5|£S. ^-rf. 
<46> SEtb, ^"71 f2A}^l^ 7fl 1 t3 < ?l ^-al^fecfl, O]^ ^-71 ^17> ^ ^ 

31 331 fSi ^-fe &7fl ^>7l ^H*}. 

<4?> o]5it!: 5a<H^, n^i^i ^ ^-^m s ^ 

7]« ^ tf^ ^Sl-^-§-7lifl<^ ^^^-ofl ^^7^, 
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^8^*, ^FKsl^ ^ ^l^iis al-Ms! ^3)3. ^]^-% ^ 

-49> ^J#^7lfe -tHJ^Sl %-g--£ ^*fl*l nfl***^ ^7>(scale-up)7} 

, °lt ^ ^MS-tft-S^l* #^#*l(unit module)^. %-§-*H £4*ajo. 

3. (stacking)^" ^ Sll^-. °l*r ^ ^ ^Sl-^-i-71^- ^A^l n^B^ 3g^^- tg^cq ^ 
^#^-§-714 ^as.fl^l(sandwitch) ^3 l^^Sl t^ufl^ol 7>^H , 

*rfe ^-^-S. «fl<£-§-^ ^^Tfl ^(scale-down)^m ^ SU 1 }. 



^, °1# 41 *H ^-7l^-<y=(air-lift) «<H^ <^7H 7]7)H impeller, magnetic stirrer 

^)^r ^7>tt ^(stirred-tank) «<H ^>-§-€ *r SZ^r. 

aHr ^m*i7> <t^m^]s ^5)^1 ^7>^h, ^^71^ ^^Hi^r 

^^st ^ -B-g-^i-^ #3)3. tifl 0 ^^^ ^-M- 
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^A^r SE^ IS^l ^ ^7l (sprayer)* ^*l*r7^, ^V^Csun 

screen) ^-fr *r-§-«H «fl°^£« ^ 

<52> o]^-, t^S £ ^OT". 

<53> *f| l^Al^EflS., A>-§-tl: ^-f^ ^#^7lol^. 

<54> la ^ £ lb^r ^ 241 ^^(double flat-plate) 1^ rf^ ^- ^ 

7l# M-E)-^ ^^-S., ^^(flat plate)^ ^ ^pgiLS. ^Hi-i*| (3)7> 

^g-s)^, 2A}^f i-t^ ^>-§-7l tfl^^^^l -B-g-^# *34r-g- flfl^^d)^ ^13^, ^ v 
7l -fr-§-^r-§- ^S^-§- wfl^^(l)^ ^-§-71 tflJfofl ^^lsjJl -B"§-4r# ^S^-g- 

£ ^<Hlui^7l- ^s]^- ^1 ^^-8- «fl<£<3^(2)iL3. ^€ l^tl ^ 

«. 2:A>^ o]^ ^^^(double flat-plate) ^ #<*31-*]:-g-7l# 3Ht}. 

<55> JE 2a ^ 51 2b^ ^ SA>^ o]^ ^ ^(double cylinder) ^tfl^ t}^ #^##-§- 
7l» q-Er'fl ^ (cylinder)^ S^S^ilS. ^<^i^^l(3)7> ^g-s) 

5^1 ^^-S- Wfl < * c i^(2)ol tiV-g-71 ^ 2:A>^ ^ ^ 

^^(double cylinder) 1^ ^ ^^-^ 7 1^- v+Ef^ 
<56> 3E 3a ^ £ 3b^ Bfl<£^ °l-§-^r (tubular) ^-^#«>-§-7l» i+Bf^fl ^JiLS., ^3] 

3_o_S. ^ «fl|<*X| 3j<£^§: ^1*4*1(3)5. ^-§--5}^., 4 6 <HM *}^ ( _o h 2lA}53^ ^Jr-§-7l 
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tt£\*= «*n ##-8- Hfl°^^(2)c»i ^-§-7] ifl^-oii ^ ^Bfloi ^ 

(tubular) ^#«]:-§-7)» ^o]cj-. 

<57> 2E 4a ^ 51 4b^r vfl^- 2^ ^Efl^ ^#^--§-711- #-2.5., 

^-^^^.S sg^o} ^oj-oj] *|*|^ ^6flui^l(3) ^#^11- f^jAS 24^1 J£^sRr #-§- 
7l ifl^-<3^°fl -a-g-^rl- *34r-8- afl^^dH #7l ^#-g- tifl^^(l)^- 

^r-8-71 tfl-*f<*)l ^ ^ 35^1-3 ^ ^ ^(double flat-plate) %n 

<58> S. 5a ^ £5b^ 51 4^1 °1^ ^Bfl^l ^ ^Sl-^-§-7]» #^#*|(unit 

module)^. %-g--SH °m <£^*\SL3, tiflt^Kr ^JLS., Sl^i-IH 

*1^ €*l^s|- ^^H^l^ W^^r <4H*r-iI 

<59> 51 6a ^ 51 6b^ 51 1 ^ 51 4^) 4^- ^ Bfl^l ^-t|}Jf ^ ^^^(triple 

flat -plate) ^Bfl^ ^ ^##-§-71* i^Ef^ #-°3., ^1*1-° 3. ^^1 ^4 «> 

-§-71^ ^<£o)H ^«^ui^(3)7> if-^ #-§-71 x4HM§«W -fr-g-## ^ 

#-§- wfl^^dH -I*lsH, #7l -B-§-## ^#-8- ^^(l)^ -fr-8-^ ^#-8- 

tifl^^ Jf-J^ «?oimxl7> ^S)^ tf*fl ^#-8- ^fl^^H #-§-71 tfl^l ^^1€ 

tb ^oiflY 2:*}^ ^^(triple flat-plate) tf^ ^3l-ti]:-§-7l 
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«-8-*H £^-<13. uH^Rr ^A 1 * 4b)-MJ 3-°^., S^tfl^l 
^ -g*]^^ ^oflui^]^ ^Al^Jl &cf. 

51 8a 3> 51 8b£r ifl-?- o]^ ^o^f ^Eflo) 4^ ^^#«]:-g-7]l- ufBj-^ 

<g^(2W ^H-71 iflJfofl ^ ^Bfl^l ^ °W ^*)€^(double 

cylinder) ^ ^ 7] » t^e}-^ ^14. 

51 9a 51 9b^r #7] ifl^ 2A}1 ^3)^ ^Eflo} ^-^l-ti]--g-7l# ^^15. 

°1» <S^r3^5. Bfl^Kr «<H# t+E]-^ ZfZ]-*) ^^1^ ^^«^aj)- % 

£ 10a ^ £ lOb^r $\-^ ^Bfl^l ^ ^#^-§-7)1- i^-E^ 

-§- Wfl°^^(2)<=>l «V-g-7l Xfl^-ofl ^ ^3 ^MO] S]Olfl^ ^ -3]^ 

(triple cylinder) ^l-^:-g-7]# ufE}-^ ^M^-. 

£ 11a ^. £ llb^ #7] $3)3 ^#^>-§-7l# Sb§-*H 

♦ <g#3o_5L ufl^^-fe 14^^ SJJLS., ^^1^ ^^1^32j- ^ofli^o} ^ 
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#0^, i±tf ^-4^-711 (batch) ,<3^ (continuous) ^ -fi-7HH fed-batch) afl^^-i: 

*H^-s>:M- *M-, €■ ^3 afl^lWl *fl«" <>l*fl«- #71 ?H Ir^M £r ^<>1 °H 

<66> ^]^O.S., ^ t}^ ol-g-^V S^-g-^ Bfl^^ofl fl^W. 

Pl^#-i; ^-^#^-§-71^1 Hfl^^ £ ^rS^Rr #31(3^1 

1 ^1), 

<67> -8~g-*t* ^-Sr^-i- ^*fl ^ 24^}^ afl^M -fr-g-S-Ir 

3tfl3*-*Kr ^(^j^-tifl^ 2 #31), ^ 

<68> ^-71 T3fl<£ ^ ^^^4 ^Sfl^ <3<*^ nl-fl** ^^"«>fe #3l(3| 

< 69 > S^afl 0 ^ x ^H]a^ .a ^l:«>-g-7l ifl^MI zj- wfl^^^ofl *H*-g: 

afl^^l^ ^KE* 3^ t ^-S>fl *M*W ^ ^S. If^M- S£ 

MSH-** -r ^ S-^lj ^<8^ W-a ^P^-i^l 3itr ^ 

^ ^ °<H ^li^l 37H] ^-Jizl^- (mutual shading)^ <$7l*l & 
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^ ^£5. ^<M<>) $tx%. Q^S., W3-^(Chlore/]a)$\ , 10 3 ~10 8 cell/m£^ ^-£5. 
^SJ-JL, ^T3>s^^(^eroa^occws)^ ^-f , 10 3 ~10 7 cell/m^ ^£3. ^tt^. 6 l«fl 

$=o§<9-£- ^=«fl ^ 2bA>^t}. o)x£ft t ^ ^-S.^ ^# 3"*H ^(optimal 

condition)*!] ^-S^- S^^. ^ ^<$i& ^fl^ 3 

o_Sl , <£<t)3., ^}l2fiSl ^-f S.^S.7> 40 -200 pmol/mVs <r 

^ ^ 10 -50 umol/mVs ^ilS ^tb^. ^ pH, ^£ ^ 7}^ 

4^ *r ^^IS, «114£3fit a}-§-^ ^-f , P H 7.0, 

25 °C nelJL 7>^ 100 in£/min^. 95 ^7H 5 %^ al-M-^dfc* ^IKb 7>^i« 

<7i> ^7] ^-5.5. ^o> -JhM* ^ -3-^l^ 

20-360 mg/LS. ^WS^CE. 13c ^ £ 13d #20. 
uj c] <jr / } w i nr Jus: ~n — '<s'cl^lt^j. vsu cojjcu Luuuniuuy s ^ «i i I ~l 
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o>^e}-^ ^A>cg^ 0.^. 2A}Slb S^^S.-c- 4^ 200 -2,000 iimol 

/m7s 2:^^. z}- Bfl^sH tfJ]<9=*M) ^Sfl^o- 

&&%5L7\ 10 -100 iimol/mVs 4^-° 5. #i*>7fl =1^, °1» °l-8-*H -S^l^lrtl 
€4. £ 14a ^ ^ 14b*fl*r ^lelt!: M"^^ Ir 4^ 9X^. 

^3-§-#-§-7liM ^ 41^*1 ^^>£^- 

<73> sj^-afl^ 3 ^HH^r ^I^H i^tt ^ -R"g-#-§: 

■1- ^s^H -B-g-^rl-^: ^ , ^«>fe ^(downstream process ^1*3 

^-t)-. Jg.*H ^D^-g- wfl<£<3^ SUM «fl°^ ^#-g-^.S. *-g-^>7fl €Cr. 

< 74 > i^ og , tj.^ ^##-§-7l» ol^-tb aflW^^ ^fl^^l $1 
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<£ 1 #31), 

<77> #71 -R-g-## ^-M^* 1M1 a*l-«H wfl^l-ji -R~§-#l-i: 

^IsKr ^K^^wfl^ 2 #?!]), ^ 

g^B** m^l^ < d^r«fl°<3 : 2^1» ^*J^ ^^(^^«fl°cJ 3 i^fe 

o)3iL ^lyflofofl a}~§-:§ Afls.^ ^Itfltifl^l^ ^SHH -§-71] 

.g. wijo^^^o,] ^<ath=h at ^^^9-8- m<£<s«M<*i *i^-§- ^ ^^-* 

<80> olrcfl^ PlAj^ ol^-^^. oj^s.( P eristaltic pump)# ^lM^m, ^7l<£^ 
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Afliiq- ufl^^r ^^7l<9- W^NH*! ^ ^"71^ <?HH ^^>H ^ 

(stressed condition)^ £41 *M , s^fl** 2^1^ %S-9\- 2A} 

<82> <S^«11^ 3#7f|<*IH3f *l^«-^§- <3^r3-£-S tfl^JljS. ^^>7] ^^H, 

#7] <s^fl^ i^t^i ^ 2^m ^m?) ^i^h^. ^n^sLs,^ $5. 

^ ^7)°^-^ o]^}^ ^ n^q^)*) ^l^** -8-8-9* wii o ^^ 
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<84> #7] ^ Bfl^o] ^l^^o]] aj-ef <3<#^-g-o] jzzJ;:£)fe ^-9-, tJ]^S# 

^ ^^^9- ^ -B~§-a-#^ >S4H1 ^r<^ ^°^*^r 

*rfe ?H ^-ofl Jl^^ $X£-B.3,(Enzyme Microbial TechnoL, 2003, 

33:403-409), ^^HHfe «fl^ ^*J« €-S.7> 

-g- i^W 3 }, «fl c>S.S^-^ (Haematococcus sp.), ^^BM^U&/72//e//a sp.), #3.5. 

3.^r(Chlorococcum sp.), #3.*§el- {Chlorella sp.) , ^MM^^^KAcetabuIaria sp.), 
SAliB)i(#/crocy5^'s sp.), ii^(y\fes^c sp.), ^eflSe1^V(C>sc///a^r/a sp.) & 

^M-, ^A]^^ ^Tg^ O^fll- §71 ^tb ?H1 *3»|-*M °H 

^5)fe 3£r 

<88> ^X|ofi loflAj^ £ 12a £ i 12b^j) «Hf- 7]*i| ^r°j^ o}^ ^3€^(doubie 

cylinder) 7}S.^ ^faJi7lt a>-§-^^4. .2.3., ^ 4^ *^#^t*7lfe 
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^ €*^^ sq-?-o|l #«(8)# ^i-g-^H ^°lH*l7r ^#3:2, %**m*\7y A^*\ 

-8- iflJfs«H (inner core) ^ ^#-§- ^^^(2)^ *fl3*r 

$14. SEth ^"71 7li^- 700 mi -§-^ ^^Ml^-B)- 700 mt -g-^ 

71^ ^ ^1(5)^- **IM3#«- wfl°^^* fl* 7lflH ^1(6)S.^ 7V^» 

oo> n]^^g- j7«- 7 > -fr-g-*r#Sl o>^Bj-^f1(astaxanthin)^: 

ffln>Sa^>i(iKiflaHfococcif5 pluvial is UTEX16) «fl^>^Jl, <8°<Nl*l3.fe- 

MBBMCModified Bold's Basal Medium)* ^V-B-^r^ 1 ^. 

<9i> (sl^-tifl^ 1 #31) 

<92> ^-71 7]#€ ^1-SH-7H ^7fl^(-fi--g--*r# uB^Si^)^ ^^(^1^^ 

-§- Ufl^^H AA 1.2 >104 cell/mi *r^.S. ^<a^cf. 
<93> (sl^rtifl^ 2 #?}]) 

10^ 3^4513 S^S* 80 yuiol/m'/sS. -fr*}^^* 3 . , 10^ 

^1*1* ^7H^ 770 umol/mVsS. -Jr*l3rSl4. 
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35> ufl<#Al «fl<£^ ^ ^ ^31^ 5% CO2 7l^fl» ^7]s>}- 

<96> 1^1) °W £ 

<97> 2^ Bfl^^S-^-Bj 24«g T>*|aL, <2^" <>l-g-£H -fr-g^l" *fl 

T ^flSl ^-^"Aj Pl^^-o. ^Sfl^-g- I3fl^«611 ^^4. 
<98> (<S^tifl<# 2^1) tifloj: 

<99> ^H^|*l S^^-£7|- 770 umol/m 2 /s t^AS SA^}^ ^-^fl^] ^7fl*Hr 

$*)|7> <^El-#€^- ^ ^S.^- induction)*}^, ^1^^ ^WMl*!)^ ^1 

^17> ^ o^S. ^t}. o]<qo) ^§2:^ -^71 (2)21 ^*Pf«l] 7l#^ 



<ioo> <^-^<^l i> 

<102> ^-^l^O.^, ^ #7] ^A]<^1 1^ ^ 7^1 

713^ ^#*HM«- A>-g-*>^q-(£ 12a ^ 2E 12b . 

51-25 




102WjhP92086 2004/2/23 



103> d!^^ ^-g-^>#<y ^V^bI-^eJ ( as taxanthin)^- ^*Hr ^^3- 

tfl^s^^C^aeroa^coccus pluvial is UTEX16) tifl^^jL, ^^aflx]^ MBBMCModif ied 

Bold's Basal Medium)* ^>-§-s>^4. 

104> a>-g-7l i^T-fl^o] 3.fc*£# 80 ymol/m2/s« -f^l^^l, ^^fl^ ^S^* 1.2 
*L0 4 cell/mL ^JlS. «fl°<M: ^l^SM. 

105> olafl -fr*]]o) yflofoflo] j^tg. ^ ^-^^ ^-#^r 5% C0 2 7]^)# ^7l^ ^ 

jfrffroU ^-sV^ul, ^7l^ vfl-^S<H S-^ 100 M/min-^S. S^VSt 1 }. 

106> Hfloj:Al7>^- 0~24^o]^ ( 2 <IH ^4- ^ ^(fresh weight) ^ 

^^^(astaxanthih) ^3*>5W. °H ^ S 12c ^ £ 12d^l 

i=K °H, SH£2.*r 10«go] ^ nf£S$l ^Al^^ aAltt ^oicj-. 



:iot> S 12c ^ £ 12d<M 2-x= «fl°<M- ^ ^ ^^Mi^ ^i3.^ S^7> 

wItc^ ^^S- wfl°cf 6«J°1 33^}^ <q^^i). afl^M^ ^^gofl *}°] 

7> 5.5*7} ^7}S\<>] tfl^-^ofl ^*fl*Rf 3MN*|7> « 

<108> afl <£ 10 ^o^ ^g-^ a^^-S.7> 770 pmol/m 2 /s 3 £.-!=• ^ 

7>Ai7i^ ^^.s. s^u^hi <>}^^4r ^ sism -a-s. 

(induction)**^, ^3^] <8«^ ^1^5 <g«|* mM*|7> 
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S<H°fl -3-*ll^# £ ^Ef^Blo) ^^so^o] £ 12 C ^ £ 12d°ll q-B}-^ Wp^r 

ol^^ o^b}-^ 332 mg/£ ofl S.^^Jl, o-|nfl A-flS. 37l^ ^ 36.27 jmS ^-tfl 

s)JL, ^tfl 45.^5. 5.8 >i0 5 cell/mC^- ^lf^Cfresh weight) 9.94 g/ I $\ *r 

a^cf. ^^Htt ^17> 0.5. ^ M]£.*5L 3.2>105 

cell/iM ^ 6.1 g/£«^l ^ 31 mg/^S. -fr^^H, -ff 

tf 2 ^^ ^l^^l tfJH^l y\^4r 3H!« ^ 

<m> ^igcfl 2<^H^ £ 13a ^ i 13b°fl M-Bj-^l ^ol, 7l*)l ^SnHM tj-g. #JjL ^ 

^ 7l*fl °1^ ^-S^Cdoble cylinder) 7l5L^ #^l:i£-§-7l* A>-g-^^uf. 

^H-^S- #71 ^Sl-^71^ ^li°J ^1^241 °1^ ^5j€* 

7l(double cylinder photobioreactor)-!- $SL3,, 5. 12^1 ^-%-7}^\ ^-f^ ^7>xls 

Hfl<£°J!* ^ ti>-§-7l ^-^^ •B-S-^rl- ^-§- afl^^UH *fl^Kr 

^tgaj <2JJfoj| 3] -a ^^-^H(8)» °l-§-*H ^^VjI, ^^r-g- 
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tfl^^ci)* $m ^ ^i(5)^ M>-§-7i .-s*i*h 7>^w-^s ti^r ^s^m 

^ 7 }i ^ ^1(6)7> £ 12^ «>-§-7l^ fj}^] 13^ «>-§- 

7l^ ti>-§-7l ^oll ^Eflo]3)l^^ ^i2<^ 7]^1» ^ 

H2> o]nfl ^-71 71 S^- ^M##-§-7"|^ 500 ml -g-^ ^^fl^ 500 me -§-^ xfl^-S^S 

:113> -fr^HJ Wfl^^CD^ ^"M^ 7)S.^ 7l*H*l ^7>^(5 % 

C02>» 5*D ^#-8- tifl^^CD^ ^^^^ ^>-S-7l >*HHH iBflOl^i 

(stainless steel) ^ 7>i vfl^3L<H *HM-*I «S^5]£^ 

<H4> ^ tiflx]^ #7] ^*H1 loflA-^sf ^ 5fl4£3fi MBBM nfl*l» *}-§-«>^ 

<iis> ^-7]^ uflJfia<H AA 100 me/min^-S. -fr*l^Kr ^-S-S. ^7}^ «fl<8=-£ 

<116> aj^^S.* «fl^7l S^zJ^o} 

80 iimol/m 2 /s^r 1^47}, nfl^ 10^*11^ 770 ixmol/m 2 /s ^-2-3. f7M^ ^ 

<117> -^o^a}^ 0~24<§oH, 2^6] ^4 * -g-sfl^ -^3] ^^(freah weight) ^ 

f 

o>^#3(astaxanthin) °W tfl^ S^fc S. 13c ^ £ 13<H 

51-28 
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H8> H 13c ^ £ 13<tfH ^ *fl"* ^*r» ^ ^ 

eH9:€ lowfl <>1#^ ^ 3H] ^*Hr °1» **M ^^-^ ^-§- 

<119> <^cfl 3> 

<120> ^ <3^«H<# 1^]» 7r3*"M vflw-^o]] ^JL 4^ 

<m> .^AHl 3^1 -H^ £ 13a ^ £ 13b*\] t+Er^fl , 7l^ ^ ^ 

*p=L 7 ]*j) ^<g^ o]^ ^^^(doble cylinder) "M^ 7 )S.^ ^WOrSr?]* A>-g-^>^o.^ 
, ^^#S>-g-7l^ «*|3=Loj) *W>$$t}. olnfl ^-71 7l3L^- ^S#^>-§-7l^ 500 

co 2 )«- -3-3] -$#-8- ^#^(1)3 ifl^-aol-fe £--§-7] ^fl*!^ 

51-29 
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(stainless steel) ^ 7}+ <F^*fr ^fl^MH <$q°] *HMM ^35.^- 

123> ^ Bfl^j^ -^-71 lo)]A^ ^ «fln}Safi MBBM «fl*]» AT-M-Sltf- 

. oH, 4^)1^1^ ^Ajdil i ^ 2^ ifl^l^ o3o^ 2.5 >105 cell/me 

£\ o S ^^>^o_^ ( tfl«.s<H^fe *fl3.£ 1.0 HO 5 cell/m^ ^°_3. 

:i24> Jg-7l%=£ Sl^-m^^ T^^f-S^ AA 100 M/min^-S. ^1*>^ «o V ^^-S. -a-7>^] Bfl^-i- 

200 umol/raVs* **\fb%&. °M, ^1^5^ *!*fl xflJfiS^ ^SL^r 40 p 

moi/m 2 / s » 

<126> ufl^A]^ 0~16«J°H, i<£[ol ^4 j£ $J4|£| ^(fresh weight) ^ 

(astaxanthin) #^-g- ^H^VS^. <>H tfl^ £ 14a ^ £ Ub^fl M-BhflSa^. 

<i27> £ Ua^ Bfl^m^ ^^Hl *W J S-«#^h8-7l ifl^M 494>-g- ufl^^Cl)^ 

5*0 ^-g- tifl#<8^(2)^ M-b|-^ 3J°H, £ 14bfe A o}^#& 

alto. °lr 5*M3# <3<*H *8#*Rr Ml^-S^ o§<*°] o>^B}^ ^^^3} 24.5 «H 
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3.5 >10 5 cell /me ^ WQtt 3.01 g/ £ ^ £^ ^ ^Bf^^ 15 mg/ i 3, -R- 

128> . ^ o. ^ H Sl^M^N 7> JL^SLS] ^-§-^>#* ^a^jis. o]» 

^^JL, vfHfS^ ^l^^^H *V&& **A* 4^ »fl°^l^ 3 

:129> *W ^1. ^ ^#^71 # <>1« 

^2fl^ 2^] ^l^g^T T 1 ** 3^5., 7l€^ ^*fl^ Jl^IE ^ 

»fl 0 <3= -fr-§- tflA>x{-i-^ -fl^Tfls ^€ 2#7fl €: fl:^ 4^ ^m^k 

&7)*\ -ft-g-$H£ ^AVoJ^o.^ -|i*l*Rr ^^-S. ^ 

# ^ $x°.v\, 4\vt n<$ ^ ^.s-tb 2=^^ 

*r $U, 2^:741 4^ ^W^S.-H *Wland cost), £3**1^ w]-g- 
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ttfl 0 ^ 3] 6 <H- <y^o] ^"71 ftft^ Ufl^^^r ^71 

7^^ -8-71 5*fl^3-g- afl^^H SL^KSEL^ *} 7 ] $^*\, <$7] ftft*±% «fl 
^7llfl^ ^ ^ofl #7) 5-^]^^-§- *fl<£«8<3£ ^-§-7ltfl^ ft 

Wflof^^^. ^3f*>^ «H ^ ILS. ffc= ^^#^-§-71 ^ #7] 

^-^#^-§-71^ ^ ^ ^-#3 afl^6fl o^tb M#*§-7l. 

[^T 1 * 2] 
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#7l SA>5)^ ^-71 ^-g-## *H<8^-S: * #7l 

7^ #7l ^*f|##-g- ^fl^^H 5L^>51^- #7l -B-^l- 

^^r #71 ^-2:A>#*lsq- 3*KE** ^#S|31, #7l -g-*11##-g- Ufl 6 ^^ #7} 

#-$r *Hr #^##-§-71 ^ #71 ^#^-§-71^ oJe| 



*ii 2*^1 5a°H, 

#7l *^**g-7lfil ^^tHl^r -^-§-#1- UD^^l Bfl^^l #71 

^"§-#1" Hfl^^H S.^O. S ^ ^#^71. 



^11 2^- 2113^1 5Sl*H^ , 

#7l ^-sa>#^1^ *§^g = ; ^H, til^, ^ cfoi^.c ^vs. 



2(1 2^- 3E*r >11 3^1 &<H*1, 

#7l ^A>#*l^r 7^3^ #*|3. ^ ^m^-%-7). 



3] 



C^T 1 * 4] 



5] 
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6] 

all 1th ^ 

^-71 =M*Hb«-7lfe ^^M^l sg^, g ^^1S.^AS ol^^l ^ 

7] 

all SE^r *(|23N , 

#7] t2-*H#-8- afl^^ ^ -S-g-^# afl^^H 7 >^» ^<g*>7l ^ 7>^ # 
8) 

^ i^- s&fe ^2^1 sa°H , 

Wf-ty 9] 

*)1 1%, *\]2*Z SE^ *«6^| &<H>H, 

#7] f^!fi>-§-7l^ 1*>€3, 2*RJ3 5E^ 3*}€*|iLJL ^aH^M 9X^= 3* ^ 
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[$^8- 10] 



in 

-§-7]. 

C^T 1 * 12] 



#^-§-71 . 



[^T 1 * 131 
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^r3*Rr #31 2^1), g 

^-71 «11^ ^ -fr-g-&# W-S ^SHfaa, afl^^H*! 

^#«t ^sfl je^ ^av«^^ °l-£-*Kr ^-71 m^lsq- 2# 
31* *r*8*Rr #31 3#3l)«- 3L^-*Hr y ASLsL o]^o]^\ sfrxfr^ v]*®^ 



*ll S^r *1| 2%5l %^#«>-§-7l» °l-§-*M afl^ ^^l rr]-^ 
ZL^S}^- ^^^r-i: Ai^^^S. ^H^#<^ 3E^r ^--§-^1- 4R+«8eH ^*Rr 3* *3 



14] 



15] 
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[3^8- 16] 

^ 13lr S.t= *fll4lM| 9X°]*\, 

#7] #3] 2^ ^ ^x]?]*}*) ^VS® 

lafl^afc^ (optimal condition).^ 3. 2l*\% ^ $x)7) °W tifl^S^ (stressed 

condition)^ ^ J^iLJL S>^- afl^U. 

17] 
18] 

*ii 14-m sa°H, 

-#7] #31 4^ 2:A> -B-g-^V# tifl^S^i (stressed condition) -5-3- S^^>^ 



^ 13*^1 5fl<>H. ^7] *M *1^#°1 ^Hl€2f, tS53f, #3 



19] 
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[5. 14b) 



obt;E^a(astaxanthin]i 




t, 

C. 




51-51 



